Sweat and saliva samples were extracted with methanol. After trlfluoroacetyl derivatization, the samples were analyzed by mass fregmentography. Methamphetamine and its major metabolite, amphetamine, were detected In hair, nail, and sweat samples, but methamphetamine alone was detected in saliva samples.
Introduction
During the past decade, methamphetamine abuse has become an epidemic in Japan, over twenty thousand Japanese being arrested for use in 1987. Detection of methamphetamine in blood by chemical ionization mass fragmentography (C1MF) (l), in tissues by mass fragmentography (2) and gas chromatography/ mass spectrometry (GC/MS) (3), and in sweat by GC/MS (4, 5) have been reported. Previously we reported that methamphetamine and amphetamine could be detected in rat hair by electron impact mass fragmentography (EIMF) after oral administration (6, 7) . The detectable period of methamphetamine in rat hair was prolonged, compared to urine, especially after chronic use, and the methamphetamine concentration in rat hair collected from the back side of the rat was twice that of the abdominal side (6) . Furthermore, we found that methamphetamine and amphetamine concentration in the proximal, middle, and distal parts of hair from human abusers showed wide variation (8) . In this study, methamphetamine and its metabolites in hair, nails, sweat, and saliva were analyzed by EIMF, and the relationship of the concentrations in these biological samples was investigated.
9 Author to whom correspondence should be addressed. 9 9 Present address: Department of Engineering, Tokushima University, 2-1, Minamijyosanshima-cho, Tokushima 770, Japan.
Materials and Methods
Reagents. Methamphetamine hydrochloride and amphetamine sulfate were obtained from Dainippon Pharmaceutical Co. Ltd. and Takeda Chemical Industries Ltd., respectively, p-Hydroxymethamphetamine hydrochloride was synthesized by the method of Buzas and Dufour (9) , and the purity of the product was determined by thin-layer chromatography, infrared spectrometry, gas chromatography, and mass spectrometry. dustries Ltd. All other chemicals and reagents used in this study were of analytical grade. Biological samples examined in this paper were obtained from methamphetamine users admitted to a mental hospital.
Apparatus. The mass fragmentography was conducted with a Hitachi M-80 system. The gas chromatography/mass spectrometry system included a 1-m x 3-ram i.d. glass column packed with 3~ OV-17 on Chromosorb W AW DMCS (100/120 mesh). The column, injector, and separator temperatures were 140, 165, and 180~ respectively. The ionization voltage was 20 eV, and the ionization current was 110 #A. The flow rate of the helium carrier gas was 50 mL/min.
Extraction. In order to remove external contamination, hair (10 mg) and nails (10-30 mg) were washed 5 times with 10 mL of methanol and 10 mL of distilled water, alternately. The samples were then crushed with 10 mL of 0.6N HCI in a porcelain mortar with a pestle. The suspension obtained was adjusted to pH 9 with Na~CO3 and extracted 4 times with 35 mL of chloroform/isopropanol (3:1 v/v). The combined organic layer was dried over anhydrous Na~SO, and evaporated to dryness in vacuo after adding a drop of acetic acid to prevent evaporation of amines. Saliva and sweat samples, which were collected with filter paper or gauze, were extracted 3 times with 15 mL of methanol. After centrifugation and the addition of a drop of acetic acid, methanol extract was evaporated to dryness in vacuo.
Massfragmentography. The extracts were dissolved in 200
/zL of ethyl acetate, and 200/~L of trifluoroacetic anhydride was then added. The vessel containing the mixture was sealed tight-
Results and Discussion
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More than 20 pg of methamphetamine and amphetamine and more than 100 pg ofp-hydroxymethamphetamine were detectable by EIMF. Calibration curves for methamphetamine, amphetamine, and p-hydroxymethamphetamine were all linear up to l ng. A typical mass fragmentogram of trifluoroacetyl derivatives of authentic drugs is shown in Figure l , and mass fragmentograms of hair, nail, sweat, and saliva extracts are shown in Figure 2 .
Extracts of blank samples of each material showed no interferences after mass fragmentography. Table 1 . One of its major metabolites, amphetamine, was also detected in 3 hair samples, 3 nail samples, and 4 sweat samples, but it was not detected in saliva samples. The other major metabolite of methamphetamine, phydroxymethamphetamine, was not detected in any biological samples examined in this study. The concentrations of methamphetamine determined were 0.6-15.8 ng/mg in hair, 0.4-642 ng/mg in nails, 20-164 ng in whole sweat, and 0.3-2.1 /~g in whole saliva samples, and those of amphetamine were 0.5-0.9 ng/mg in hair, 0.3-23.2 ng/mg in nails, and 3.4-13 ng in whole sweat samples.
Methamphetamine could be detected for 18 days in hair, 45 days in nails, and 2 days in saliva samples after the last dose, which was indicated by the methamphetamine users. From the results shown in Table I , methamphetamine and amphetamine were detectable for a longer period in hair and nail samples than in sweat and saliva. If highly sensitive and specific analytical methods such as EIMF are used for analysis, these specimens can be considered useful for forensic examination.
Conclusion
Methamphetamine has been determined in the hair, nails, sweat, and saliva of drug abusers. These samples are more easily collected than blood and urine. Hair and nails are especially useful due to their long-term retention of drugs.
